An equilibrium model for the speciation of Al#{176} in normal serum has been developed in which 81% of the aluminum is bound to transferrin. The remaining 19% exists primarily as Al(P04)(OH), with minor amounts of citrate and hydroxide species. The model meets several key criteria. The concentration of free aluminum is below the upper limit set by the solubility product of aluminum phosphate.
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1810 CLINICAL CHEMISTRY, Vol. 38, No. 9, 1992 most calculations. This is within the range of serum Al concentrations found in patients undergoing hemodialysis (30) (31) (32) (33) (34) (35) (36) (37) (38) and total parenteral nutrition (5). The metal ions Zn2, Ca2, and Mg2' were included as competitors to A13 for binding to serum ligands. The concentrations of free Ca2 and free Mg2 were taken from the Geigy Tables (29) . The total concentration of in serum is -15 mol/L (39, 40), but because one-third of this is tightly bound to a2-macroglobulin and does not exchange with other chelating agents in serum (40,41), total zinc was set at 10 p.moliL. The pH was fixed at 7.4, with a pK of 13.78 (42) . 
However, transferrin
is -30% saturated with ferric ion (44) , which is preferentially bound to the N-terminal site (45, 46) and is not displaced by either Al3 or Zn2' (947) Therefore, the two binding sites of transferrin have been modeled as separate species. If one assumes that all serum iron is bound to the N-terminRl site, then the concentration of the C-terminal site is 37 moI/L, whereas the concentration of the N-terminnl site is 12 anol/L.
Albumin is included only as a zinc-binding protein.
Early gel-filtration studies of Al in serum had indicated that Al also binds to albumin (48) (49) (50) . However, subsequent work showed that the method used did not resolve albumin and transferrin (10, 51) . Although Harris and Sheldon (9) has been assigned to the C-terminal site, and the lesser binding constant has been assigned to the N-terminal site. (44) . Thus, the overall metal binding reaction can be written as
where Tf is transferrin. 15, [59] [60] [61] [62] [63] [64] .
The averages of these selected values are also included in Table 5 The protonation constants for the most basic oxygens of AMP, ADP, and ATP are taken from Kiss et al. (64) Therefore, I adopted the LFER approach described above as the best approach for dealing with dilute solutions at high pH. The only major deviations occur for the 2:1 complexes of ADP and ATP, which carry formal charges of -7 and -11, respectively. Such high negative charges are certain to retard further hydrolysis of the complex. The remaining data used in the LFER involve complexes with charges ranging from +1 to -4. Given a log Piio value of 14.1 for Al(P04), one can calculate a hydrolysis constant of log KOH = 5.73, which gives a value of log p111 = 8.37.
Three potentiometric studies on Al-P04 binding con- 
AluminumSpeciation in Serum
Al speciation in serum has been computed for total Al at 3 moI/L, which is typical of concentrations in dialysis patients (30) (31) (32) (33) (34) (35) (36) (37) . The model predicts that 81% of the Al would be bound to transferrin ( Table 7 . The average (mean ± SD) %UF for five studies involving normal serum is 15% ± 7%, whereas the average for six studies with patients undergoing hemodialysis is 25% ± 8%. The difference between these means appears to be statistically significant (P = 0.05), although the sample sizes are small.
The phosphate concentration is increased in uremic (32,36,49 ). Including these data (33,78) would increase the average %UF for normal serum to 23% (SD 15%).
Several studies include the fractionation of serum by gel chromatography (48, 52, 54, (79) (80) (81) (82) (83) (84) . However, there are persistent reports that samples either lose Al to the column or absorbAl from the column (33, 54, 79, 80, 82) . The only data listed in Table 7 derived from gel chromatography are selected values from Keirsse et al. (79) , for which the recovery of Al from the column was shown to be 100% ± 5%.
A third criterion for the model is its ability to predict the effect of added chelating agents. Galbraith et al. (72) reported that increasing the serum cta concentration to 1 mmol/L increased the %UF from 28% to 72%, whereas adding 1 mmol of EDTA per liter had virtually no effect on %UF.
Increasing the total eta concentration in the model for uremic serum to 1 mmol/L increased the l0WMr Al from 30% to 41%. Adding EDTA, The proposed computer model for the speciation of Al in serum meets several key criteria: (a) the calculated concentration of free Al is below the upper limit set by Al solubility constants for phosphate and hydroxide, (b) the calculated values for the percentage of transferrin-bound Al in both normal and uremic serum agree very well with the experimental determinations of the %UF, and (c) the model makes reasonably accurate predictions of the effects of adding excess eta, EDTA, and desferrioxamine B to serum. The major component of low-Mr Al appears to be Al(PO4XOHY.
